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Neuroendocrine tumors
Learning Objectives:

1. What are the neuroendocrine tumors and where do they occur
Are they benign or malignant tumors? 

2. New WHO classification of 
Pancreatic neuroendocrine neoplasms(NEN) 2017 

3. Cytological appearance of NETs 

Neuroendocrine tumor(NET)   
NEN  NET  NEC
Production and secretion of  

peptide hormones and amines
1. Diagnostic morphology 
2. Secretory granules: dense core
3. Neuroendocrine markers:SNP CGA  CD56
4. Tumors with wide spectrum of malignancy

Pancreatic somatostatinoma Liver metastasis
Brain metastasies after 10 years
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A 52 year old male was found to have hepatomegaly. 
He was otherwise  free of symptoms
FNA was performed.     

Metastatic pancreatic endocrine tumor 
was suggested by     cytopathologist

A  case with typical presentation 

”a smart“

Somatostatinoma of the pancreas 
with metastases to  the liver and the brain 
Lessons we learn from this case:neuroendocrine tumor(NET)
1. A nodule in the liver can be NET, metastatic
2. FNA can play an important role for definite diagnosis
3. In many cases, when NETs are found 

they already metastasized
4.  NETs are non-functioning in many cases clinically, 

but cellular levels they may produce hormones
5.  Some cases follow worse prognosis, systemic metastases

NET Clnical Presentation
1. Symptoms are often absent or vague

‐Approximately 58‐71% of pNET are non‐functioning
2 . More than half of NET are metastatic at diagnosis
3. 65% of patients with advanced NET 

will no longer be alive in 5 years
Simron Singh,MD Toronto Canada    NETour Tokyo 9‐17‐11 

New pathological classification 
1. Definite(no carcinoid) 
2. Prognostic
3. Predictive  

Neuroendocrine tumors include 
Pituitary adenomas
Thyroid medullary carcinoma
Gastro‐enteric NET        *GEPNET
Pancreatic NET
Pheochromocytomas & paragangliomas
Pulmonary NET
NET  of the skin
NET  of other location
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Neuroendocrine tumors include 
Pituitary adenomas
Thyroid medullary carcinoma
Gastro‐enteric NET        *GEPNET
Pancreatic NET
Pheochromocytomas & paragangliomas
Pulmonary NET
NET  of the skin
NET  of other location
*Frequent clinical problems, such as
liver and lymph node metastases

Recognition of neuroendocrine histology(pattern)

Various neuroendocrine tumors(H&E staining)
Pancreatic NET(ACTH producing) Pancreatic NET(insulinoma Medullary thyroid ca(MTC)
Pheochromocytoma Rctal WDNET(carcinoid)    Hepatic WDNET(carcinoid)

CGA

Chromogranin A

Synaptophysin

CD56

Duodenal 
neuroendocrine tumor 

Neuroendocrine markers
Synaptophysins

CSPs

Rab 3’s
Rab 5’s

Synaptogyrins

SV2s

SNAP25

Synaptobrevins

Syntaxin

PLASMA 
MEMBRANE

NUCLEUS

TTF‐1
CDX‐
2

Chromogranins

PC1/3,PC2

Neuroendocrine markers

NCAM(CD56) Secretory granules

NEUROENDOCRINE PROTEINS RELATED WITH
SECRETORY GRANULES, CELL MEMBRANE AND NUCLEI



2017/1/18

4

Diagnostic algorithm:Pathology
1. Gross examination

3.Immunohistochemistry
for “neuroendocrine markers”
Synaptophysin chromograninA  CD56

4.Electron microscopy
for (neuro)secretory granules

5.Molecular pathology
Point mutation  MEN1 VHL 

6.Molecular targets for therapy
SSTR2   

2. Microscopic examination
“neuroendocrine” appearance
*Roles of pathologists

Oberg K et al. Best Pract Res Clin Gastroenterol. 2005 19(5) 753‐81.

Diagnostic algorithm for endocrine pancreatic tumours (EPTs). CgA, chromograninA; CT, 
computed tomography; MRI, magnetic resonance imaging.

Pathology
Genomics

Neuroendocrine tumors
Learning Objectives:

1. What are the neuroendocrine tumors and where do they occur
Are they benign or malignant tumors? 

2. New WHO classification of 
Pancreatic neuroendocrine neoplasms(NEN) 2017 

3. Cytological appearance of NETs 

WHO Classification 2017
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Serous cystic neoplasm(SCN)
Clear cells
Low MW keratin MUC６ Inhibin
Sometimes SYN +   NSE+   

Solid pseudopapillary neoplasm (SPN)

VHL associated NET
Clear cell NET
CC RCC

Differetial diagnosis of PNET

Sporadic NET, MEN1 NET    Sometimes  Clear cytoplasm
Kasajima & Sasano  2014  

WHO 2010 
* Next slide 

Jiao Y et al. Science. 2011 331(6021) 1199-203.
DAXX/ATRX, MEN1, and mTOR Pathway 
Genes Are Frequently Altered in Pancreatic Neuroendocrine Tumors.

DAXX (death-domain–associated protein) and 
ATRX (a thalassemia/mental retardation syndrome X-linked).

PanNET:Non-familial  
Mutation:Somatic mutation   from sections 

With modification

*
*

Differential Diagnosis between PanNET and Adenocarcinoma(PDAC)

Therapy of neuroendocrine tumors 

Surgery
Chemotherapy

Molecular  Targeted Therapy
Somatostatin analogues  

Octreotide Pasireotide
mTOR inhibitor  
Sunitinib

Biomarkers:Somatostatin receptors(SSTR2,5)
mTOR

SANDOSTATIN® LAR®  
(octreotide acetate)  
Treatment of patients with acromegaly:

Treatment of patients with symptoms associated 
with functional  gastro‐entero‐pancreatic endocrine 
tumours Treatment of patients with advanced 
Neuroendocrine Tumours of the midgut or 
unknown primary tumour location.
Everolimus(Affinitor®)   
adults with progressive neuroendocrine tumors of 
pancreatic origin (PNET)that are unresectable, locally advanced or 
metastatic. 

SUTENT® is a kinase inhibitor indicated for the treatment of:

Progressive, well‐differentiated pancreatic neuroendocrine 
tumors(pNET) in patients with unresectable locally advanced 
or metastatic disease.

Molecular targeted therapy for NET and NEC  
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Volante M et al.Modern Pathology 20:1172‐82,2007

Schematic illustration of somatostatin receptor type 2A immunohistochemical scoring 
system and its concordance rate with 111In‐pentetreotide in vivo imaging.

Figure3

Genomics of neuroendocrine tumors
Hereditary tumors:germline mutation

Pancreastic endocrine tumors(PNET) can occur with
familial background.  They are autosomal dominant.
Hereditary neoplasms
Multiple Endocrine NeoplasiaType 1
von Hippel‐Lindau Disease 
Neurofibromatosis Type ‐1
Tuberous Sclerosis Complex 

Genetic alteration is widely spread in the genes, menin and 
VHL.
In MEN1, PNET are most frequently gastrinoma and 
frequent multiple.
In VHL, PNET tend to be malignant.
Other familial background can give rise to the PNETs.
Genetic marker study is recommended for the appropriate 
diagnosis.

Endoscopic ultrasound‐guided fine needle aspiration: EUS‐FNA

Pancreatic tumors
Diagnosis

Adenocarcinoma

Neuroendocrine tumors(NET) 
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Cytology of PNET
Plasmacytoid morphology
Salt and pepper nuclei 

Neuroendocrine tumors
Learning Objectives:

1. What are the neuroendocrine tumors and where do they occur
Are they benign or malignant tumors? 

2. New WHO classification of 
Pancreatic neuroendocrine neoplasms(NEN) 2017 

3. Cytological appearance of NETs 
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